Objectives. To assess the effect of biotherapies vs placebo on fatigue in two situations: inadequate response to conventional treatments (IR-DMARD) and inadequate response to anti-TNF (IR-anti-TNF) in RA.
Introduction
RA is an inflammatory joint disease that can lead to structural damage, disability and alteration of quality of life. All available biotherapies have demonstrated significant improvement of these outcomes. Up to 80% of patients with RA report fatigue, which is infrequently assessed in published studies [13] . Biotherapies, which have largely proved their efficacy on the course of RA, may also have an impact on fatigue, directly or indirectly, by improving disease activity [4] . The fatigue in RA is due to endogenous processes (immunological disorders involving IL-1, IL-6, and TNF-a, hormonal imbalances and decrease in oxygenation of tissue) and exogenous processes (drugs, notably MTX) [5] . So it could be interesting to think that biotherapies could decrease fatigue in RA.
Considering the available data, it is difficult to estimate this impact mainly for two reasons. First, because several validated scales are used in these trials such as visual analogue scale (VAS), the functional assessment of chronic illness therapy-fatigue (FACIT-F) scale, the short-form 36 vitality (SF-36-V) subscale or other scales [6] . Second, the clinical relevance of the variations in fatigue scores between baseline and end-point is not certain in randomized control trials (RCTs). Likewise, the use of effect size (ES) reflects more accurately the clinical impact of such drugs on fatigue [7] .
Our objective was to assess the clinically relevant effect of available biotherapies on fatigue vs placebo in patients with established RA in two clinical situations: (i) inadequate response to conventional DMARD (IR-DMARD) and (ii) inadequate response to anti-TNF (IR-anti-TNF).
Methods
Systematic literature search and selection of the relevant studies
We performed a systematic review of the literature according to the Cochrane guidelines (http://www .cochrane-handbook.org/, 22 July 2010, date last accessed). Relevant publications were selected using PubMed, Embase and Cochrane databases without limitation of time (up to October 2009). The search was completed by hand search using the references of the most relevant studies. For unpublished data, it was extended to the ACR and European League against Rheumatism (EULAR) meeting abstracts of the past 4 years (200710). Moreover, to complete our search with unpublished data, the manufacturers of biologic agents were contacted.
With the help of a librarian, we selected the following key words (in MeSH terms) for the search in electronic databases: 'Antirheumatic Agents' [ To select the relevant studies, we established a priori inclusion criteria: adult with established RA (according to the ACR criteria 1987); RCTs comparing a biotherapy in association with conventional DMARD with placebo with conventional DMARD as concomitant treatment; and available data regarding the fatigue (whatever the scale used and the time points) [8] . The flow-chart shows the selection process based first on titles and abstracts, and then on the full texts (Fig. 1) . We excluded trials without available data necessary for the calculation of the ES, such as mean change in each group (between baseline and end-point) and S.D. at baseline.
Data extraction
We collected data regarding the design of the studies: intention to treat (ITT) analysis, number of patients randomly assigned to a drug and number of withdrawals. Regarding the regimens of biological agents, we focused on dosages used in clinical practice: 50 mg weekly for etanercept, 40 mg every other week for adalimumab, 310 mg/kg per 8 weeks for infliximab, 400 mg at Weeks 0, 2 and 4 followed by 200 mg every other week for certolizumab, 50 mg every 4 weeks for golimumab, 1000 mg at Days 1 and 15 for rituximab, 10 mg/kg/month for abatacept and 8 mg/kg/month for tocilizumab.
The population's characteristics were also collected: age at baseline, gender (percentage of women), disease duration, auto-immune profile (percentage of positive RF [9] DMARDs), ongoing treatments with dosage (biotherapy or placebo, concomitant treatments), disease activity and HAQ scores at baseline and end-point. Data on fatigue were collected as follows: the mean score(s) in each arm with the S.D. at baseline and at time point(s). For the assessment of trial quality, we used the Jadad scale including the description of randomization, blinding and withdrawals [10] . This scale is a 5-point score, and the quality is insufficient if the score is <3.
Statistical analysis
As we expected that fatigue would be assessed using different scales, we planned to calculate all the scores normalized on 100. The results are expressed in ES of the biotherapy vs placebo on fatigue using standard mean change of the score from baseline to end-point and baseline S.D. If the ES is inferior to 0.2, the effect of treatment is considered as trivial, between 0.2 and 0.5 as small, between 0.5 and 0.8 as moderate, between 0.8 and 1.2 as important and >1.2 as very important [11] . When more than one study evaluated fatigue at the same time point, we performed a meta-analysis with a fixed effect and a sensitive analysis. Heterogeneity was evaluated using the indicator I 2 . When I 2 was considered as too high (I 2 > 50%), a random effect was used for the meta-analysis. We used review manager for meta-analysis and ES calculations (RevMan version 5).
Results

Literature search and characteristics of included trials
The selection process is detailed in Fig. 1 : among the 763 published selected studies, 10 fulfilling inclusion criteria were considered for the analysis. The reasons for exclusion at the last step are detailed in Fig. 1 and supplementary table 1 (available as supplementary data at Rheumatology Online). All studies were RCTs with ITT analyses and a conventional DMARD (mainly MTX) as concomitant treatment. Regarding the quality of these RCTs, the mean Jadad score was 4.1 (05 points) ( Table 1) . In seven RCTs, the patients previously received conventional DMARDs and in three others, patients had an IR-anti-TNF. Six studies compared an anti-TNF with a placebo: three with adalimumab [Safety Trial of Adalimumab in Rheumatoid Arthritis (STAR), ARMADA and DE019 trials] [1215], two with golimumab (GO-FORWARD and GO-AFTER) [16, 17] and one with certolizumab (RAPID1) [18, 19] . No trials assessing etanercept or infliximab were included in the analysis because of missing data mandatory to ES calculation, different time point and/or no concomitant treatment (supplementary table 1 available Patient's characteristics A total of 3837 patients with established RA were randomly assigned to a drug and received at least one dose of their allocated treatment with the defined dose: 1227 had an anti-TNF, 420 received rituximab, 258 abatacept, 205 tocilizumab and 1727 received placebo. Seventy-three per cent of patients were women and 75% of patients had positive RF. At baseline, the mean age was from 50.6 to 57.2 years and mean disease duration was from 4.5 to 12.2 years depending on the trials (Supplementary table 2 , available as supplementary data at Rheumatology Online). As concomitant treatment, patients received conventional DMARD, mainly MTX (Table 1) . Nevertheless, in the GO-AFTER study, 31 and 29% of patients in the placebo and in the biotherapy groups, respectively, did not receive concomitant DMARD [17] .
For three trials, patients (n = 1198) had an IR-anti-TNF [17, 20, 21, 24] . Anti-TNFs were stopped for inadequate efficacy in 92 and 58% of patients in the REFLEX and GO-AFTER studies, respectively [17, 24] . The proportion of patients who withdrew for lack of efficacy was not available for the abatacept trial [26] . For other trials, RA was active despite DMARDs (n = 2639) [1216, 18, 19, 23, 26] . Nevertheless, the DANCER and OPTION studies also included patients who previously received an anti-TNF: 31% in the rituximab group and 27% in the placebo group for the DANCER study and 5% in the treatment group and 9% in the placebo group for the OPTION trial [20, 23] .
Fatigue was assessed using four validated scores at baseline and at various time points: FACIT-F scale (eight trials), SF-36-V (four trials), VAS (one trial) and fatigue assessment scale (FAS) (one trial) ( Table 1 ). The DANCER and REFLEX trials used both FACIT-F and SF-36-V scores [20, 21, 24, 27] . In the ATTAIN study, VAS and SF-36-V were used and in the RAPID1 study, SF-36-V and FAS were used [18, 19, 22] . Thus, for analysis we used FACIT-F and SF-36-V scores (supplementary table 1, available as Supplementary data at Rheumatology Online). FACIT-F is strongly associated with SF-36-V and these scores are sensitive to change [28] . FACIT-F is a score including 13 items ranging from 0 to 52. In the literature, a 34 point change is considered clinically significant and high score represents less fatigue [29] . SF-36-V is a subscale from the SF-36, a questionnaire of quality of life with physical and mental components. There are four items (How much of the time during the past week did you feel full of life? Did you have a lot of energy? Did you feel worn out? And did you feel tired?). The score is from 0 to 100. The higher the score, the lower the fatigue [30] . Supplementary table 3 (available as  supplementary The overall ES of all biotherapies vs placebo was considered as small at 6 months of treatment with an ES = 0.45 (95% CI 0.31, 0.58) (Fig. 2) . Since the DANCER and OPTION studies included patients with IR-anti-TNF, we performed a sensitive analysis excluding first the DANCER study and next the OPTION study [20, 23] . The overall ES of biotherapy did not change dramatically (ES = 0.45; 95% CI 0.30, 0.60) for either analysis. Adalimumab, golimumab and tocilizumab had a small effect with ES ranging between 0.24 (95% CI 0.12, 0.35) and 0.42 (95% CI 0.23, 0.62) [1217, 23] (Fig. 2) . For rituximab, abatacept and certolizumab overall, the effect on fatigue was moderate with an ES of 0.60 (95% CI 0.240.95), 0.66 (95% CI 0.440.87) and 0.61 (95% CI 0.43, 0.78), respectively [1825] . When we pooled all anti-TNF trials (adalimumab, golimumab and certolizumab), we found that the overall ES of anti-TNFs vs placebo on fatigue was small: 0.36 (95% CI 0.21, 0.51) (Fig. 3) [12, 1618] . In contrast, when we pooled the biotherapies other than anti-TNF, the overall ES was moderate: 0.57 (95% CI 0.39, 0.75) [2026] .
To compare our results with the global impact of biotherapies on quality of life, we have calculated the ES of all the biotherapies on HAQ score at Week 24 in seven studies with available data (two studies with adalimumab, two with golimumab, one with rituximab, one with abatacept and one with tocilizumab): the ES was 0.50 (0.42, 0.58) suggesting that the effect of biologic agents on quality of life is classified as moderate [1417, 21, 23, 33] . The effect of biologics on HAQ seems to be similar to that on fatigue [the ES on fatigue calculated with the same seven studies is 0.46 (95% CI 0.29, 0.63)]. Unfortunately, we could not estimate the ES of 28-joint DAS (DAS-28) in our meta-analysis because of lack of data. In patient with IR-DMARD, biotherapies at 6 months had a small impact with an overall ES of 0.38 (95% CI 0.30, 0.46) (Fig. 4) . When we pooled together all anti-TNF trials (adalimumab, golimumab and certolizumab) or when we pooled the non-anti-TNF biotherapies, we found that the overall ESs on fatigue were small and similar: 0.36 (95% CI 0.27, 0.45) and 0.42 (95% CI 0.26, 0.57), respectively.
FIG. 2 Forest plot showing the overall ES (95% CI) of biotherapies + DMARD vs placebo + DMARD on fatigue in estab-
Considering the RA population with IR-anti-TNF, three biologic agents could be assessed (i.e. abatacept, golimumab and rituximab) [17, 21, 22, 31] . Their overall effect on fatigue was moderate as well: ES = 0.57 (95% CI 0.27, 0.86) (Fig. 5) . In this population, the only anti-TNF studied was golimumab and the ES was small (ES = 0.27, 95% CI 0.04, 0.49), whereas when we pooled the biotherapies other than anti-TNF, the overall ES was better (ES = 0.72, 95% CI 0.58, 0.86) [17, 20, 21] .
Discussion
Fatigue represents an important symptom for patients with RA. Indeed, Less fatigue is in the top five outcomes regarded as priorities for patients as well as Less pain, No more joint damage, Able to do everyday things and More mobility [34] . Then, our objective was to assess the effect of available biotherapies on fatigue in RA patients in two clinical situations: (i) inadequate response to conventional treatments and (ii) IR-anti-TNF. For that purpose, we performed a systematic review of the literature and estimated the ES of biotherapies vs placebo. First, only 22 RCTs assessing fatigue in RA receiving biotherapy or placebo were found in the electronic databases, while 763 studies evaluating treatments have been published in the RA population. Finally, 10 of them could be kept in our analysis, while the others were excluded because the time point was different or the mandatory data used to estimate ES were lacking (Fig. 1) . Nevertheless, the literature search was as exhaustive as possible, without limitations except for languages. We used three electronic databases, completed with hand search and abstracts from international meetings of the past 4 years. One explanation would be that fatigue is an outcome mainly assessed in recent studies: 9 of the 10 included studies have been published in the past 3 years.
Secondly, the overall effect of biotherapies on fatigue at 6 months (Week 24) of treatment was small in established RA. Non-anti-TNF biologic agents would be more   FIG. 4 . Forest plot showing the overall ES (95% CI) of biotherapies + DMARD vs placebo + DMARD on fatigue in active RA despite conventional DMARDs [12, 16, 18, 19, 20, 23, 32] . Std. mean difference: standard mean difference. Effect of biotherapies on fatigue in RA effective than TNF blockers (small ES for anti-TNF vs moderate ES for non-anti-TNF biotherapies). In IR-DMARD and IR-anti-TNF populations, the effect of biotherapies was small and moderate, respectively. Sensitive analysis did not change these results. Interestingly, our results are in accordance with observational studies published previously [35, 36] . For example, in a longitudinal study evaluating TNF blockers, the mean change in SF-36-V from baseline to 6 months was 11.6 (22) , which is close to what we observed at the same time of analysis (from 6.02 to 15.5) [35] . No study shows the ES of DAS-28 with biotherapies, but anti-TNFs have a dramatic effect on DAS-28 in first anti-TNF failing patients (mean change = À1.53) [37] . So the effect of these agents on fatigue seems small probably because of the multiple causes of fatigue. According to the studies, the effect of biotherapies on fatigue would be similar to or lower than the effect on HAQ score [33, 34] . In our meta-analysis, the effect of biologic agents seems to be similar on both HAQ and fatigue.
Fatigue is a multi-factorial symptom related to pain, functioning and psychological factors, but does not seem to be related exclusively to inflammation, which is reflected by joint disease activity [38] . This discrepancy may explain why biologic agents could be more efficient on joint symptoms than on fatigue. Exercise, behavioural, nutritional and physiological interventions were associated with reduction of fatigue in a review of the literature even if no ES could be calculated because of the diversity of the data [39] .
Another potential reason for this small effect would be the end-point (24 weeks). However, Moreland et al. [40] showed that in patients with established RA receiving etanercept (without concomitant conventional treatment), SF-36-V score improved rapidly from 12% at 2 weeks to 26% at 12 weeks and up to 25% at 26 weeks. For adalimumab, the mean FACIT-F score increased significantly from baseline to Week 12 and remained stable from Week 12 to Week 24 [13] . All these results suggest that the plateau of efficacy of anti-TNF on fatigue would be reached before 6 months of treatment. Thus, the end-point of 24 weeks may be considered as clinically relevant.
However, our meta-analysis has some limitations. The scores of fatigue have all been noted, but only FACIT-F and SF-36-V scores could be used to assess fatigue in the meta-analyses [29, 30] . It could be a limitation, but these scores are validated and sensitive to change [29] . Another limitation would be the heterogeneity of the population especially in the IR-anti-TNF population, even if all patients had established and active RA. Ethnicity, age, gender, other comorbidities and disease activity may influence fatigue, which is a subjective patient-reported outcome [41] . In the included RCT, fatigue was not a criterion of inclusion. However, the symmetrical funnel plot shows that there is no publication bias (supplementary figure 1, available as supplementary data at Rheumatology Online). Finally, the last limitation of our study is the number of excluded studies because of lack of data at the same time points. However, we have calculated the ES in a study with data on fatigue available at another time point. The trial assessed the effect of abatacept at Week 52 [26] . The ES on fatigue was 0.61 (95% CI 0.35, 0.88) and considered as moderate.
In conclusion, this review of the literature and meta-analysis of RCTs suggest a small effect of biotherapies on fatigue in established RA after 6 months of treatment. More RCTs are needed to assess the impact of available biotherapies and new trials in RA patients should systematically include fatigue assessment as outcome. Since fatigue is a multi-factorial and subjective symptom, a multi-module approach including pharmacological and non-pharmacological treatments should be evaluated in our patients.
A Rheumatology key messages
. Few studies report the effect of biotherapies on fatigue. . According to meta-analysis, the effect of biotherapies on fatigue in RA is small.
